ABSTRACT The detection and recognition and then conversion of the characters in an image into a text are called optical character recognition (OCR). A distinctive-type of OCR is used to process Arabic characters, namely, Arabic OCR. OCR is increasingly used in many applications, where this process is preferred to automatically perform a process without human association. The Quranic text contains two elements, namely, diacritics and characters. However, processing these elements may cause malfunction to the OCR system and reduce its level of accuracy. In this paper, a new method is proposed to check the similarity and originality of Quranic content. This method is based on a combination of Quranic diacritic and character recognition techniques. Diacritic detections are performed using a region-based algorithm. An optimization technique is applied to increase the recognition ratio. Moreover, character recognition is performed based on the projection method. An optimization technique is applied to increase the recognition ratio. The result of the proposed method is compared with the standard Mushaf al Madinah benchmark to find similarities that match with texts of the Holy Quran. The obtained accuracy was superior to the other tested K-nearest neighbor (knn) algorithm and published results in the literature. The accuracies were 96.4286% and 92.3077% better in the improved knn algorithm for diacritics and characters, respectively, than in the knn algorithm.
I. INTRODUCTION
Character recognition (OCR) is the process of converting an image representation of a document into an editable format [1] . This application enables users to search for documents stored in the format of images by converting them into text, which can be easily performed and processed by computers. Each OCR system contains a few processing stages, in which a particular task can be accomplished, and the output of each stage is considered the input for the next stage. A typical OCR system consists of a few main stages, including preprocessing, segmentation, feature extraction, and classification. However, the ultimate goal of developing a method with the same reading capabilities as humans has remained unreached even after many years of intensive investigation and research.
Reference [2] provides a survey of Arabic OCR (AOCR) based on text recognition by focusing on the characteristics and technologies of text recognition in the Arabic language.
In addition, OCR becomes an important trend in the current literature given the availability of applications that generates texts and images.
In this paper, a new, simple, typewritten, offline character recognition for the Arabic language is presented. The research on handwritten text recognition has become challenging for decades, thereby gaining increasing attention due to the increasing popularity of handheld computers, digital notebooks, and advanced cellular phones. Certain techniques, such as neural networks, hidden Markov model (HMM), and fuzzy logic, have been used to build several handwritten systems [3] .
Complex character recognition algorithms have been developed after 1990. Many recognizers used sophisticated methodologies, such as neural networks, HMM, and natural language processing (NLP) techniques. However, current algorithms generate error rates that restrict full recognition for a user and comparison with the Quran. The current AOCR inaccurately recognizes diacritic and characters, and research and effort in the area of AOCR are insufficient. This paper presents a similarity check algorithm for Quranic character and diacritic recognition in the image. Moreover, a new method is proposed to check the similarity and originality of online Quranic content. The method consists of Quranic diacritic and character recognition techniques. The detection of diacritics is performed using a region-based algorithm. An optimization technique is applied to increase the recognition ratio. The character recognition method is performed based on the projection method. Then, the combined result of the two methods enables its comparison with the standard Mushaf al Madinah benchmark and finds a match on the Quran. Finally, the similarity ratio of the given image and its matching benchmark is determined.
The rest of this paper is organized as follows. Section 2 provides an overview of the OCR for Quranic image similarity matching. Section 3 presents several related works. Section 4 introduces the proposed solution based on Quranic diacritic recognition for image processing, Quranic character recognition of an image, and checking similarity matching with the standard version of the Quran. Section 5 describes the experimental setup. Section 6 analyzes the results of experimental testing. Section 7 summarizes the metrics, analysis, and comparison. Section 8 discusses the similarity check. Section 9 draws the conclusion.
II. OVERVIEW
The Arabic language is considered the most dominantly spoken language in all Arabic countries and the second language of approximately 280 million people worldwide. A recently conducted study states that the Arabic language ranks fifth as the most common language used in the world. Thus, religious beliefs and practices of Islam require that Muslims read the Holy Quran using the Arabic language, thereby requiring basic knowledge of Arabic when praying [4] . Moreover, many other languages, such as Persian, Jawi, Pashto, Urdu, and Bengali, are associated with the Arabic language; that is, certain characters are similar [5] .
People can recognize characters without difficulty when reading papers or books. However, the development of an OCR system that can read and recognize Arabic Quranic characters similar to human remains unresolved [6] . Two types of OCR, namely, handwritten and typewritten, are found in the literature [7] . A typewritten OCR mainly identifies documents that are typed and scanned before being recognized. However, a handwritten OCR is used to recognize a text that is written by a human hand. The difference between the two OCR systems is that a typewritten OCR is easier than a handwritten OCR in terms of design. Moreover, the recognition rate is higher in a typewritten OCR than in a handwritten OCR.
In addition, OCRs can be further classified into two categories, namely, online and offline recognition systems [7] . The image of a typewritten or handwritten text is created via scanning using offline recognition systems. However, devices, such as a phone or a portable personal computer, are used to create an input image from the OCR system by using online recognition systems. Then, the OCR system reads the image, which is analyzed for recognition. Many other studies have been conducted in various languages, such as Japanese, Chinese, and Latin characters, which are mostly based on individual isolation of characters through OCR algorithms. However, this method may be inappropriate for languages with cursive scripts, such as Arabic. Consequently, a few studies on AOCR and its character recognition comparison with languages, such as Latin and Chinese, have been conducted [8] . Image processing has played an important role in human life. Machine learning has developed as a powerful tool for information processing, decision-making, and knowledge management. Many applications, such as digitizing libraries, postal reading, envelopes, and retrieving texts, have benefited from using OCR systems [9] .
Existing algorithms and techniques have error rates that restrict a user from fully recognizing and comparing the Quran. Moreover, the diacritics and characters are recognized inaccurately. Finally, research and effort in the area of AOCR are rare. Therefore, this paper presents a similarity check algorithm for Quranic character and diacritic recognition in the image.
III. RELATED WORKS
This section provides existing techniques for Quranic character and diacritic recognition in the image. Several approaches have been introduced for Quranic character and diacritic recognition; these approaches include the segmentation of Arabic cursive script using HMM proposed by [10] . This technique operates through a morphological approach. The proposed segmentation algorithm provides satisfactory results when experimented with MM tools to test the accuracy of an algorithm for correcting and constructing slant and connected components, respectively. The image detection rate of the algorithm is approximately 81.88%. However, an improvement is required. Reference [11] introduced a segmentation-free approach to text recognition with application to Arabic text using the matching technique. This technique is based on the morphological approach to segment lines into characters and aims to implement a system that provides satisfactory results in the noise-free and synthetically degraded text with minimal efforts. However, its recognition rate is approximately 95.6% for noise-free words and synthetically degraded words and 73% for scanned words. An offline handwritten Arabic character segmentation algorithm (ACSA) based on the morphological analysis of word contours was implemented by [12] . The algorithm applies contour representation to recognize segmentation points. This approach aims to ensure that each segment contains exactly one character. However, morphological analysis or segment extraction procedure score in the approach is high. Reference [13] introduced an AOCR system using recognitionbased segmentation technique. This system is a real-time process for fragmenting Arabic words using their structural VOLUME 6, 2018 properties, connectivity points, and A copy detection pattern CDPs. The recognition rate detected with 20 characters is 90%. A new approach for Latin/Arabic character segmentation was proposed by [14] . The proposed method used the segmentation technique to solve the difficulty of overlapping characters by applying a contour-following algorithm, in which the detected contours will be labeled. In the first proposed method, the junction segments between characters are detected. The second segmentation technique uses an upper contour for each word to determine the characteristic strokes, which characterize consistent information for the segmentation of each character.
Similarly, Reference [15] uses a projection method to implement the recognition of Arabic characters. The approach uses the measurements and relationships of moments as features and a Bayesian classifier for classification. The classification rates when linear discriminant analysis and quadratic discriminant analysis are used are 85.5% and 99.5%, correspondingly. Reference [16] proposed a novel algorithm for the AOCR using neural networks to classify features. This algorithm creates tokens that characterize the characters. The proposed method mainly depends on extracting a set of features for each character and then provides all the extracted information to the recognition and assembly phases. However, the average recognition rate is only 87%. Reference [7] uses an algorithm based on neural network for recognizing Arabic text. The classifier algorithm specifies the corresponding character and the similar contours of many Arabic characters. However, only 73% of the contours are recognized. Furthermore, an Arabic handwriting recognition system that uses baseline-dependent features and HMM is proposed. The technique adopts a detection technique for extracting a set of language-independent features. These features depend on the baseline; that is, any minor error in detecting the baseline location will be problematic for the feature extraction stage. However, the experimental result shows a significant improvement in the recognition rate using baseline-dependent features; the recognition rate is approximately 86.51%.
IV. PROPOSED METHOD
This section provides the proposed technique for achieving an efficient OCR for Quranic image similarity matching. The proposed method is divided into three (3) phases of processing once the image is loaded into the system. These phases are Quranic diacritic image recognition, Quranic character image recognition, and checking similarity matching. Figure 1 illustrates the processes involved in the OCR for Quranic image similarity matching.
The proposed method functions as follows. A Quranic image related to the research is collected from Internet sources. First, the image is loaded for preprocessing. Then, the diacritics of the ayah are detected using a segmentation algorithm to classify and convert the diacritics into Unicode. Second, the characters of the ayah are recognized using line and word segmentation. Finally, the features of the character are extracted based on the segmentation. The results are compared with the original standard Mushaf al Madinah; the similar part of the standard version is highlighted, and the similarity ratio is calculated and determined. The ultimate goal of the proposed Quranic image similarity matching is to optimize the recognition performance of Quranic diacritics and characters. Thus, an analysis of Quranic diacritics and characters on the basis of accuracy and correctness is conducted.
A. QURANIC DIACRITIC RECOGNITION
The use of baseline method in preprocessing the characters in an AOCR system can be separated from diacritics. The process of Arabic characters is considered complicated because the language comprises many cursive alphabets. The diacritics are separated from Arabic characters by removing the letter from the image, as demonstrated in Figure 2 .
Diacritic recognition is conducted by undergoing a series of stages/steps, as depicted in Figures 3 and 4 . The first part is training the images. This part begins by inserting all the images and detecting all the diacritic inputs. Then, two tasks, namely, feature extraction for all diacritic and manual label assignment for all diacritic, are performed. Thereafter, the datasets are trained. K-nearest neighbor (knn) algorithm is applied during the training. knn is a generalization of the classical knn classifier, and the result is saved as knn model. During the testing, the knn model that is generated during the training is loaded, and the text images are inputted. In this stage, all the diacritics are detected as an input, and a featured extraction for all diacritics is performed based on the trained model and the manual evaluation of the label. Table 1 summarizes the feature extraction algorithm using 2D maximum embedding difference.
1) IDENTIFYING THE REQUIRED FEATURES
The possible errors that might be encountered in this phase require the identification and use of suitable features. For example, the words connected to the baseline are identified 
FIGURE 4. Diacritic recognition flow (test).
and removed to focus on a diacritic. The baselines retain the diacritics, tajweed, and other recitation symbols. In certain cases, the whole letter environment might be unrecognized as one region given the low quality of the image, as presented in Figure 5 . This issue requires the use of additional features to recognize and remove non-diacritic items.
2) DISTINGUISH THE TYPE OF EACH DIACRITIC
Each type of Arabic diacritics has a distinctive shape, except the Fath . ah and Kasrah. The two shapes can be recognized from their locations from the baseline. If the shape is located on the upper line, then the diacritic is Fath . ah; otherwise, VOLUME 6, 2018 the diacritic is Kasrah. An algorithm is developed to calculate the area of each type of diacritic. The algorithm aims to recognize the region of each diacritic from the binary image. Thus, a fictional elliptic is sketched, and the shape of the diacritic can be recognized by the environment distance of each diacritic from the border of the ellipse.
3) QURANIC CHARACTER RECOGNITION
The use of the baseline method in preprocessing the characters in the AOCR system can be separated from diacritics. The process of the Arabic characters is considered complicated because the language consists of many cursive alphabets. This separation can ease the examination of the Arabic language, as visualized in Figure 6 . The improvement in the preprocessing stage in the AOCR has resulted in an accurate feature extraction for each character. The location of the line with characters is precise when the line segmentation process is enhanced. The word and subword segmentation algorithm should be required to increase the efficiency of detecting Arabic characters.
4) IDENTIFYING THE REQUIRED FEATURES
The use of a baseline to segment text into words or characters is beneficial because the Arabic language is a cursive. Moreover, this method is advantageous for extracting dependent features. Arabic characters are categorized into two groups, namely, ascenders and descenders, through the baseline method. These groups may be constructed from stroke or small element or complete character. This Arabic language features can cause complexity, such as the possibilities of combinations, for recognizing many Arabic characters.
5) CHECKING SIMILARITY MATCHING WITH STANDARD VERSION OF THE QURAN
The removal of certain noise and enhanced accuracy of filters are required after converting a given image into text through the proposed AOCR system. In this phase, the proposed system output will be compared with a standard version of the Quran to find a matching phrase with the genuine Quran. Several errors might occur while performing the matching. An artificial intelligence technique for NLP is used to increase the efficiency of the proposed method.
V. EXPERIMENTAL SETUP
This section describes the experiments conducted to compare and evaluate the recognition of Arabic characters and diacritics. A 2D maximum embedding difference feature extraction is used for the performance evaluation of Arabic characters. However, the recognition of diacritics is based on a known algorithm. The experiment is conducted using MATLAB software on a 32-bit Windows 7 Professional machine. The processor used is Intel Pentium, 2.20 GHz, and 4.00 GB. A total of 10 different experiments are conducted to detect a Quranic image from the online source.
VI. RESULTS OF EXPERIMENTAL TESTING
The results are presented in percentages based on the accuracy rate for Quranic diacritics and characters. The result in Figure 8 indicates that the improved knn algorithm has an average of 96.4286% accuracy performance, which is better than the normal knn for diacritic recognition. The comparison of the discussed algorithms revealed that the improved knn has significantly improved the accuracy.
The results in Figure 9 denote the percentage of the accuracy rate based on character recognition. The results confirm that the improved knn algorithm has achieved an accuracy of 92.3077% compared with the knn, which has a 78.8022% accuracy. The main purpose of achieving high accuracy is to increase the efficiency of detecting Arabic characters.
VII. METRICS, ANALYSIS, AND COMPARISON
This section presents the metrics, such as precision, recall, and f-measure, for measuring and justifying the validity of the results in our experiments using the common performance measures from the information retrieval (IR) domain. These measurements are used to offer a significant insight into the performance characteristics of our classification as discussed below:
Precision is the ratio of correctly detected class to the number of overall detected classes.
where t p is the number of true positive, and f p is the number of false positive sentiments.
where t c is the overall number of classes detected in the sentiment analysis. F-measure can be presented in terms of precision and recall as follows. Figure 10 illustrates that the number of accuracies, recall, f-measure, and precision was applied to the experiment to justify the validity of their results. The result indicates that recall has the highest value compared with precision and f-measure, which has low values when the knn is used. Moreover, the high accuracy in detecting the alterations of the sample and the standard version are depicted in Figure 10 . However, Figure 11 displays that precision scores are high because of numerous correctly identified Quranic images compared with the recall and f-measure, in which the diacritic method is applied. The measurements for the set of properties are specified based on the properties of each connected component (object) in the binary image. The comparison of the knn and improved knn algorithms based on precision, recall, f-measure, and accuracy are presented in Figure 12 . The improved knn has high accuracy and correctness detection. Moreover, the metrics are transformed into precision, recall, and F-measure based on our experimental results.
VIII. DISCUSSION ON SIMILARITY CHECK
The results of diacritic recognition technique (DRT) and AOCR are presented in this section. In this research, the DRT VOLUME 6, 2018 FIGURE 12. Precision, recall, f-measure, and accuracy of experiments of the diacritic recognition through the knn algorithm.
preprocessing stage should be enhanced to improve the accuracy of detecting a diacritic. Furthermore, the final result of diacritic recognition is significantly enhanced by improving the efficiency of the segmentation algorithm. The DRT uses ''OCR to detect diacritic marks in detected text. The method includes; receiving, by a computer system, an electronic image containing text including a plurality of diacritics; analyzing, by the computer system, the electronic image to generate a plurality of bounding blocks associated with text within the electronic image, wherein the plurality of bounding blocks include at least a base text bounding box and a diacritic bounding box; determining a base box distance between the diacritic bounding box and a nearest base text bounding box; analyzing the plurality of bounding blocks to determine a plurality of text lines; determining a proximity value for the diacritic bounding box to a nearest text line of the plurality of text lines; associating, by the computer system, the diacritic bounding box with a corresponding text line based on the proximity value and the base box distance, whereby the diacritic bounding box association is thus made responsive to a determination of multiple distance values, namely the proximity value and the base box distance; and processing the plurality of bounding blocks to produce electronic text from the electronic image'', as displayed in Figure 13 .
The results of the AOCR in this research are achieved in phases. The phases are as follows: first, the preprocessing stage involves image reading, denoising (if necessary), resizing (if necessary), conversion to gray, conversion to binary using threshold, and complementation. Second, the line segmentation stage detects the total number of lines and images. Third, the ''word segmentation'' stage involves segmenting all words of one line and repeating the same process for all lines in the image, as depicted in Figure 14 . Figure 14 illustrates Arabic word segmentation. Each segmented word is further segmented after the segmentation stage. This phase is called ''sub-word segmentation.'' The following tasks are performed in the sub-word segmentation stage: all sub-words of one word are segmented. This process is repeated for all words in one line. A threshold is not required for the segmentation, which is only based on the distance between each part with and without diacritic segmented sub-words, as presented in Figure 14 . An Arabic word is either a capital letter or a small letter that can be sub-segmented. Capital and small letters are detected and recognized after the sub-word segmentation stage. The remaining character of each sub-word and the lone characters are capital. This process is repeated for all sub-words to separate the capital characters from the rest of the sub-words. The character detection and recognition process (capital and small letters) are demonstrated in Figure 16 . The detection and recognition of capital and small Arabic letters are presented in Figure 14 . If the character is a capital letter, then the capital recognition dataset is used for recognition. If the character is a small letter, then a ''sliding window'' is used to recognize the small characters individually. The method of recognition is different. In the recognition phase, the predictive model is used.
IX. CONCLUSION
Image processing is considered an emerging area of research in the field of computer science. The management of images that contain noise and distortions through traditional methods in image processing is challenging. Thus, computational intelligence approaches, such as knn, have been recently used by many researchers to address the aforementioned challenges. Computational intelligence approaches are suitable when the data to be modeled are complex for conventional statistical techniques for rapid and efficient processing. In this research, a new method was proposed to check the similarity and originality of online Quranic content. This method is a combination of Quranic diacritic and character recognition techniques. The diacritic detections are based on a region-based algorithm. An optimization technique is applied to increase the recognition ratio. The character recognition method is based on the projection method. Moreover, an optimization technique is applied to increase the recognition ratio. The combination of the result of the two methods was compared with the standard knn, and the match in the Quran was found. Then, the similarity ratio of the given image and its matching benchmark is determined. The obtained accuracy was superior to the other tested knn algorithm and published results in the literature. The accuracy was 96.4286% better in the improved knn algorithm than in the knn algorithm with 87% accuracy in detecting diacritic and 92.3077% better in the improved knn algorithm than in the knn algorithm, which exhibited an 86% accuracy in detecting the characters. This can be used to recognizing and parsing a medical image into multiple objects and structures.
Many challenges have not been addressed, although the applications of knn have resulted in the improvements in image processing. Thus, future opportunities in the area of computational intelligence algorithm applications, such as deep neural network and support vector machine, and deep learning can be applied. Moreover, artificial neural network learning rules can also be adopted through evolutionary algorithms.
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